ABSTRACT. Subgroup J avian leucosis virus (ALV-J) causes great economic losses in the poultry industry. One in 3 grandparent farms was closed due to ALV-J infection in 1998 in Taiwan. The remaining 2 farms were forced to import breeding chicks from different breeding companies afterwards. We report on the ALV-J infection status among these breeders, their progeny and Taiwan native ch ickens during 2000-2002. The weekly mortality for the male line among the infected breeders was higher than that for the female line. Sixty-three percent (5/8) of the broiler flocks were infected with ALV-J. The surface (SU) portion of the env gene from the ALV -J field isolates was cloned and sequenced. The phylogenetic results show that all of the isolates fell into 2 clusters. Unexpectedly, the isolates from the same breeds fell into different clusters, with a cluster including isolates from different breeding companies. ALV-Js from native chickens crossbred with imported chickens were placed into the same clusters as those from the imported breeds. The high similarities observed in different ALV-J isolates suggest that different ALV-Js were mixed in the pedigree generations in different breeding lines. KEY WORDS: avian, native chicken, subgroup J avian leucosis virus.
The subgroup J avian leucosis virus (ALV-J) causes myeloid leucosis (ML) in meat type chickens [1, 2, 5, 6, 8] . The control and eradication of ALV-J from pedigree generations has become a priority of the primary breeder industry [4] . Taiwanese broilers are procured by day-old grandparent (GP) chick importation from breeding companies. The elite populations at breeding companies are generally small enough to be subjected to intense monitoring and eradication testing. It is possible to reduce the level of virus transmission between generations in this way.
Taiwan had three GP farms in 1997. One of them was closed due to ALV-J infection in 1998 [12] . At present, clinical ALV-J infection cases have decreased remarkably at broiler breeders, most likely because the affected breeds are no longer used by the breeding companies [4] . The 2 remaining GP farms imported day-old chicks from the U.S.A. during [2000] [2001] [2002] . The breeding companies in the U.S.A. claimed that their chickens were free from ALV-J infection. However, some lines at the 2 GP farms were still infected with ALV-J in 2000 [3] . We would like to know the infection status of the chickens from these 2 GP farms and that of their recent progeny. In addition, there is no information on the infection status among Taiwanese native chickens. This study reports on the ALV-J infection status at broiler breeders, for broilers and native chickens in Taiwan. (Table 1) . Gross and microscopical examinations were performed on dead and sacrificed sick chickens. Tumor samples were taken and preserved in an icebox in the field. The icebox samples were carried to the laboratory for virus isolation within 6 hr.
MATERIALS AND METHODS

Clinical cases from breeder farms:
Plasma collection from broilers: Plasma samples were collected from a slaughterhouse located in Taoyuan for virus isolation. Eight ranches were randomly selected for this investigation from October 2001 to February 2002. One hundred to 300 samples per ranch were collected using systemic sampling. The broilers were clinically healthy and approximately 1.8 kg at 6 weeks old ( Table 2) .
Virus isolation: Virus isolation was attempted using plasma samples from broilers and tumor tissues from breeder cases. Because numerous plasma samples were taken, 3 to 7 plasma samples were pooled to produce less work. The pooled samples were inoculated onto overnightcultured DF1 cells (American type Culture Collection, ATCC# CRL-12203, Manassas, VA). After absorption for 30 min, pre-warmed Dulbecco's minimum essential medium (pH 7.0-7.2, Life Technologies, Grand Island, NY) was added. The DF1 cells were prepared and incubated at 39°C under 5% CO 2 according to the ATCC's product information sheet. The medium was replaced by fresh medium the next day. A sub-culture was performed after 2-3 days of incubation. From the second passage, the supernatant was examined using reverse transcription -polymerase chain reaction (RT-PCR) for the presence of ALVs.
Oligonucleotide primers: Specific primer (H5/H7) for ALV-J was used for RT-PCR detection [10] . The supernatant from a cell culture with a mock infection was used as the negative control. A new primer set ev1/ev2 [12] was designed by us according to the HPRS-103 (accession number Z46390). The forward and reverse primers were as follows. ev1: 5'-GGGGA GTTCA TCTAT TGCAA C-3' and ev2: 5'-AGCAA ATATC CGGGC TGTC-3' containing nucleotides 5474-5494 and 6453-6471, respectively.
Reverse transcription-polymerase chain reaction: Viral RNA was extracted from the supernatant with TRIzol LS reagent (Life Technologies, Rockville, MD) according to the method described by the supplier. The RT-PCR procedure for the H5/H7 primer was performed according to the method described previously [10] , which contained a gradual decrease in annealing temperature.
The RT-PCR procedure for the ev1/ev2 primer was as follows. The extract RNA was incubated at 60°C for 2 min and then at 27°C before adding reverse transcriptase. A RT was performed at 42°C for 90 min using Moloney Murine Leukemia Virus Reverse transcriptase (Life Technologies, Rockville, MD) and stopped at 70°C for 15 min. A 'touch down' PCR program consisting of the following steps was used for the amplification: denaturation at 94°C for 1 min, annealing at 60°C for 1 min decreasing by 1°C in each cycle and extension at 72°C for 1.5 min, followed by 30 cycles of 94°C for 1 min, 48°C for 1 min and 72°C for 1.5 min, with a final extension at 72°C for 10 min. After completion of the PCR, the product was loaded onto 1.5% agarose gel. DNA was separated using gel electrophoresis, stained with ethidium bromide, and visualized with an ultraviolet transilluminator.
Cloning of PCR product and sequencing: To confirm the PCR products and for gene analysis, the expected PCR products with ev1/ev2 primer from ALV-J isolates were purified and ligated into the TA cloning vector pCR 2.1 (Invitrogen, the Netherlands). Transformed colonies of TOP10F' cells were chosen. Cultures were grown over- One hundred to 300 samples per ranch were collected by systemic sampling. For minimizing work, 3 to 7 broiler plasma samples from the slaughterhouse were pooled in one isolation. The percentages of virus isolation rates in those samples were estimated by binomial distribution. a) All ALV-J isolates were from parent stock farms except A2990/02, which was from a GP farm with breed A. b) ML: myeloid leucosis.
night for plasmid DNA purification. DNA sequences from 3 clones were determined from both sites using the ABI Model 373A DNA sequencer (Applied Biosystem, CA).
Phylogenetic analysis:
The sequences of the SU portion of env gene from 16 isolates were compared with the reference strains from the GenBank, including HPRS-103, ADOL-Hc 1 (U.S.A. provirus, AF097731) and TW99 (Taiwan, AF497905) using the MegAlign program in the Lasergene software package (DNASTAR Inc, Madison, WI). The phylogenetic relationship was constructed with Molecular Evolutionary Genetics Analysis (MEGA) with 100 repeats.
Statistical analysis: Three to 7 broiler plasma samples from a slaughterhouse were pooled into one isolation to minimize work. The virus isolation percentages in those samples were estimated using a binomial distribution. The difference in weekly mortality between male and female breeders was analyzed using student's t-test. The difference in virus isolation rates between male and female A2999/02 chickens was analyzed using Fisher's exact test at the 99% significance level [7] . Table 1) . The weekly mortality in the male chickens (1.54% ± 0.51%, mean ± SD, n=5) was higher than that (0.26% ± 0.22%, n=10) in the female chickens (p<0.01), except in the case of 2952/01, the main cause of which was feed poisoning, which was excluded from the calculation. Some cases had gross tumor lesions with ML confirmed in microscopical examinations. A2999/02 exhibited no gross tumor lesions but showed focal myelocyte accumulations in the livers on microscopical examinations (7 chickens with ML/9 sacrificed sick chickens). Other cases showed neither gross nor microscopic ML lesions.
RESULTS
ALV-Js from broiler breeders and native breeders: During December 2000 and March 2002, 16 ALV-Js were isolated from broiler breeder and native broiler farms (
Each plasma sample from case A2999/02 was performed separately for virus isolation. Overall virus isolation rates were thus obtained. The results showed that the virus isolation rates for males and females were 25% (4/16) and 1.7% (1/60), respectively. The virus isolation rate in male chickens was higher than that in the female chickens (p<0.01).
The estimated virus isolation rates for the 2 native female breeder flocks were 35% and 23%, respectively, which were quite high. The reason for such high virus isolation rates might be transmission by artificial insemination.
ALV-Js from broilers: Five ALV-Js were isolated from 8 broiler flocks from the slaughterhouse, 63% on a per flock basis ( Table 2 ). The estimated virus isolation rates in each flock were divided into 2 groups, low (0.7%-1.5%) and high (8.6%-10.7%).
Phylogenetic analysis of ALV-Js: Amplification of the SU portion of the env gene by PCR with primer ev1/ev2 produced a 998 bp product from all of the present isolates. Phylogenetic trees constructed with the sequences of the SU portion of the env gene from Taiwanese isolates and reference strains from the GenBank showed that the Taiwanese isolates fell into 2 clusters, cluster I and cluster II (Fig. 1) . Cluster I contained virus isolates in 1999 and 2000, 2 native chicken isolates, and 1 broiler isolate. The sequence identities of the isolates in this cluster were 94.4 to 94.9% to HPRS-103. However, the sequences of the isolates in cluster II appear to be related to one another and were very close to the oldest HPRS-103 strain with 97.9% to 98.3% identities.
Unexpectedly, the viruses from the same breed fell into 2 separate clusters. A2990/02 and A2999/02 fell into cluster II, and A2920/00 from the same breed fell into cluster I. Conversely, the isolate sequences from different breeds were the same, i.e. 2952/01 from a parent stock of breed B was 100% identical to A2990/02 from a GP farm of breed A. The Taiwanese isolates tended to be plotted on the phylogenetic tree in the same order that they first appeared. The DISCUSSION ALV-J has caused great economic losses in Taiwan. The worst incidence of ML cases was during 1997-1998 [3] . One of the 3 GP broiler breeder farms closed due to this outbreak of infection. However, a sharp decrease in the number of clinically affected flocks was observed thereafter. This may be attributed to eradication programs initiated by the major breeding companies in their home countries [4] . The breeding companies claimed that their chickens were free from ALV-J infection in 1999 when they wanted to import chicken stock to Taiwan. However, based on the present data, despite the breeding companies' claims, clinical cases of ML were still found even in the GP stock. From the gene analysis, we were able to trace the origin of the infected ALV-J to their elite population. Unexpectedly, AVL-J isolates from different companies fell into the same cluster. This might be from the mix of the breeds at the pedigree levels, since some lines in a breed were from the same previous male line. Horizontal transmission between different breeds was unlikely in Taiwan because A2990/02 was from a very isolated GP farm (A) on a hill. However, at the parent stock level horizontal transmission might occur because some PS farms owned both breeds in different flocks in the same area. Because ALV-J is transmitted more efficiently than the other subgroups [1] , horizontal transmission among flocks with different breeds might occur.
Broilers at the market age were selected for virus isolation because horizontal transmission makes the frequency of viremia highest at that age [13] . Our data showed that the virus isolation rates from broilers in different flocks differed greatly. Flocks with high virus isolation rates indicate high percentage of chickens with viremia in those flocks. This difference is not likely from different viral spreading ability because the phylogenetic tree showed that viruses from flocks with high virus isolation (b8/02) and low virus isolation rates (b2/01, b5/01, b7/02) were in the same cluster. Thus, the difference in viremia status might be from different management factors, which were not determined in this study.
Despite of the variability of the env gene of ALV-J [9, 11] , we found that the sequences of the recent isolates were very similar to the HPRS-103 but not U.S.A. strains. This is unexpected because the broiler breeders were from the USA, not England. The close relationship between HPRS-103 and Taiwanese isolates suggests that they arose through a common ancestor.
Another unexpected result was that the ALV-J sequences from native chickens were very similar to those from broilers or broiler breeders. As we know, some imported breeds have been used to improve the growth rate from time to time in Taiwanese native chickens. This might be the reason that the native chickens contained the same ALV-J.
From 1997 until now, broilers in Taiwan have been infected with ALV-J [3, 12] . Although the incidence has decreased greatly, the virus still exists in the poultry industry, including broilers and native chickens. Since the data reveals a virus similarity among different chicken breeds, the native chicken farmers should detect the infection status in a chicken before introducing a genetic trait for improving the growth rate of the native chickens.
